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Abstract. In this paper we conduct an analysis of the implementation process of HACCP/RMP in the 
NZ Meat Industry based on the data collected from our recent survey. Nonparametric methods are 
used to measure the association between plant characteristics such as size, age, activities, and food 
safety  management  practices  and  HACCP/RMP  adoption  motivations,  implementation  problems, 
benefits, and costs. Results will give more insights into the ongoing process of mandatory RMP in 
New Zealand.  
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Introduction 
The  Animal  Products  Act  1999,  which  reformed  New  Zealand’s  food  safety 
legislation, required all animal product primary processing businesses to have a risk 
management programme (RMP) based on the principles of Hazards Analysis and 
Critical Control Point (HACCP). This is phased in four stages from July 2003 till 
July 2006. Most licensed red meat processors, export seafood processors and packing 
houses are required to have a RMP by the end of the first period (July 2003). 
 
The  mandate  of  HACCP  and/or  RMP  (hereinafter  HACCP/RMP)  has  raised 
concerns over the impacts of these programs on the performance of the industries 
involved.  International  experience  has  shown  significant  impacts  in  terms  of 
compliance costs which in turn may bring indirect impacts to the structure of the 
industry (see for example Unnevehr, 2000). There may also be management benefits 
beside food safety benefits as a result of the adoption of these programs (Nganje and 
Mazzocco, 2000). Moreover, firm motivation could be a significant input into the 
implementation process of HACCP/RMP (Henson, 2000).  
 
In  August  2003  the  Economics  Department  of  Waikato  University  conducted  a 
survey  on  the  adoption  of  HACCP/RMP  in  the  Meat  Industry.  The  main  issues 
studied are the status of HACCP/RMP implementation by meat plants nation-wide, 
their motivations, implementation problems as well as their observations of the costs 
and  benefits  involved.  Preliminary  results  were  reported  in  Cao  and  Scrimgeour 
(2004).  
 
The purpose of this paper is to analyse the relationship between plant characteristics 
and the motivations, implementation problems and the perceived costs and benefits 
of  HACCP/RMP  based  on  the  data  gathered  from  the  survey.  Particular  firm 
characteristics  considered  are  size,  age,  current  food  safety  practices,  activities 
(export/non-export), and the complexity of the production process. The following 
parts  are  organised  as  follows:  part  2  summarises  the  characteristics  of  firms 
participating in the survey, part 3 discusses the methodology, and part 4 presents the 
results with discussion of the significant issues. 
 
 
   3 
The survey 
 
In  the  survey,  respondents  were  asked  to  rank  their  motivation,  problems,  and 
benefits  on  a  7-point  scale  from  unimportant  to  very  important  level.  Costs  are 
treated differently as the purpose is to see the weight of each cost item in the total 
cost.  Therefore for  cost  items,  respondents  were asked to  rank according to  cost 
weight. There was also a rank 0 (in all ranked issues) for those items considered not 
appropriate or have not occurred. In this study we chose to include this zero rank 
together with other rankings. The reason is that excluding rank 0 sometimes leads to 
a very small sample size. Moreover, this rank 0 can be simply understood as the least 
important level in the ranking system.  
 
The plants participating in the survey varied significantly in terms of size, age, and 
other production characteristics. The following figures show the distribution of plants 
in terms of these characteristics. 
 
The international experience has shown that small plants may have disadvantages in 
their implementation of HACCP/RMP due to insufficient resources or diseconomies 
of scale (see for example Unnevehr, 2000; Siebert et al, 2000). Apart from plant size, 
other plant characteristics may have influences on the implementation process. Not 































































Figure 6. Exporting Plant  4 
available  for  analysis.  This  paper  utilises  the  data  gathered  from  the  survey  to 
analyse  these  relationships  so  as  to  provide  more  insight  into  the  on-going 
implementation of HACCP/RMP in New Zealand. The analysis method is discussed 
in the next section. 
Nonparametric approach 
We  chose  to  use  a  nonparametric  method  for  measuring  the  association  of  the 
observed  variables.  Our  primary  goal  is  to  see  the  connection  between  plant 
characteristics  and  observations  of  the  HACCP/RMP  implementation  process.  In 
other words, it is the signs of the association that we are interested in, not their sizes. 
Moreover, in conducting parametric methods, several assumptions on the population 
distribution or the error term need to be met. Also, nonparametric methods have 
proved to be useful in the case of categorical data (Argyrous, 1996).  
We used Gamma to measure the association between two variables. It is commonly 
used for variables measured at the ordinal level. The value of Gamma is specified as: 
G = (Nc – Nd)/(Nc + Nd) 
where 
Nc is the number of concordant pairs. Concordant pairs are defined as the two cases 
that are ranked the same on both variables. In other words, if Large firm A ranks an 
item higher than Small firm B, then A and B make a concordant pair.  
Nd is the number of discordant pairs. Discordant pairs are defined as the two cases 
that are ranked differently on both variables. In the above example, if Large firm A 
ranks an item less than Small firm B, then A and B make a discordant pair. 
Positive  association  between  variables  is  found  if  the  sample  contains  a  lot  of 
concordant pairs and few discordant pairs. In other words, in positive association, the 
value of Gamma is positive and vice versa. There will be no association between 
variables if the number of concordant pairs equals discordant pairs (Gamma is zero). 
Gamma takes value between -1 and +1. A value of -1 indicates perfect negative 
association while +1 shows perfect positive association.  
To  calculate  Gamma,  the  two  variables  are  arranged  in  a  bivariate  table  so  that 
concordant and discordant pairs can be counted. We made use of the SPSS procedure 
to  calculate  Gamma  for  all  pair  of  variables  between  ranked  items  (motivations, 
problems, costs, and benefits) and plant characteristics (Size, Age, PROD, QMS, SP, 
and EXPT). Here, Size indicates plant size which takes value 1 for large plants and 0 
for  small  plants
1.  Age  is  a  variable  measured  by  plant’s  operating  years.  PROD 
represents  the  number  of  products.  QMS  represents  the  number  of  quality/safety 
assurance systems. SP indicates plant activities, it takes value 1 if activities include 
both slaughtering and processing and 0 otherwise. EXPT takes value 1 for exporting 
plants and 0 for non-exporting plants. We also conducted chi-square significance 
tests  to  see  if  the  sample  correlation  is  representative  for  the  whole  population. 
Results are presented in the next section. 
 
 
                                                 
1 100 FTEs+ Large plant; 0-99 FTEs small and medium plants, called Small plant in this study   5 
Results 
Table  1-4  show  values  of  Gamma  and  significance  test  results  for  all  pairs  of 
variables  between  HACCP/RMP  adoption  Motivation,  Implementation  Problems, 
Benefits, Cost and plant characteristics. Note that for Age, the correlation coefficient 
computed is Spearman’s rho instead of Gamma as Age has a wide range of values, 
which makes it more appropriate to use Spearman’s rho (Argyrous, 1996), although 
the two measures are similar.  
Motivations 
Gamma  values  for  Size  show  that  for  those  plants  participating  in  the  survey 
(sampled  plants),  there  are  positive  associations  between  plant  size  and  those  of 
meeting legal requirement or customer’s requirements (Gamma positive). In other 
words,  for  participating  plants,  large  plants  tend  to  give  higher  ranks  for  those 
requirements. On the contrary, small plants tend to give higher ranks for those of 
attracting new customers or accessing new markets (Gamma negative). Also, small 
plants  seem  to  rank  the  recommendations  from  MAF  and  Industry  Board  more 
importantly.  The  rankings  of  internal  factors  (reducing  waste,  increasing 
efficiency…) are mixing and show weak associations. Most results for Size can not 
be generalised to the whole population as they are insignificant. Only one positive 
relationship between ‘Meeting the needs of customers’ and Size is significant, for 
which  we  can  conclude  that  large  meat  plants  in  general  regard  customer’s 
requirements as an important reason for adopting HACCP/RMP. 
Results for Age are significant in several cases. There is a significant and negative 
association between plant age and ‘Meeting the needs of customers’, which implies 
that in general young plants think it important to satisfy customer’s requirements by 
adopting  HACCP/RMP.  Similarly,  young  plants  tend  to  give  higher  ranks  for 
attracting new customers and accessing new markets. In most cases, results show that 
the older the plant the less motivated the plant to adopt HACCP/RMP.  
Results for PROD show that plants with more products in general give lower rank for 
meeting the needs of customers but higher rank for attracting new markets. They also 
give smaller ranks for the internal factors such as improving product quality. 
QMS is the variable with the most significant results. It shows that plant’s current (or 
pre-HACCP/RMP) food quality/safety practices have a significant influence on the 
motivation to adopt HACCP/RMP. Moreover, Gamma values are negative in most 
cases  showing  that  plants  with  various  QMS  other  than  HACCP/RMP  are  less 
motivated to adopt HACCP/RMP.  
Results for SP show that in most cases, participating plants with both SP activities 
are more motivated in adopting HACCP/RMP. Results are significant for one case of 
internal factors (reducing waste) and one case of external factors (accessing overseas 
markets).    6 
Table 1. Association between Motivations and Plant characteristics 
Motivations  Size  Age
(r)  PROD  QMS  SP  EXPT 








































































































































































Note: P-value of significance test in brackets; * ** *** denote significance at 0.1, 0.05, and 0.01 level. Age
(r) means the coefficient is Spearman’s rho.   7 
Table 2. Association between Problems and Plant characteristics 
Problems  Size  Age
(r)  PROD  QMS  SP  EXPT 




























































































































































Note: P-value of significance test in brackets; * ** *** denote significance at 0.1, 0.05, and 0.01 level. Age
(r) means the coefficient is Spearman’s rho. 
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Table 3. Association between Benefits and Plant characteristics 
Benefits  Size  Age
(r)  PROD  QMS  SP  EXPT 




































































































































Note: P-value of significance test in brackets; * ** *** denote significance at 0.1, 0.05, and 0.01 level. Age
(r) means the coefficient is Spearman’s rho. 
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Table 4. Association between Costs and Plant characteristics 
Costs  Size  Age
(r)  PROD  QMS  SP  EXPT 
Implementation costs             
















































             
Operating costs             
















































Note: P-value of significance test in brackets; * ** *** denote significance at 0.1, 0.05, and 0.01 level. Age
(r) means the coefficient is Spearman’s rho. 
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Exporting plants in adopting HACCP/RMP generally view it more important to meet 
legal requirement and customer requirements. In other cases, it seems that they rank 
the internal factors lower. The results are similar for MAF/Industry recommendations 
and auditing activities. However those results cannot be generalised to the whole 
population. 
Problems 
The only significant result for Size is that small plants tend to claim they are too 
small  for  HACCP/RMP.  Small  participating  plants  also  indicate  that  they  lack 
expertise for the implementation task and are more concerned about implementation 
costs. Large sampled plants seem to have problems with attitude and motivation of 
staff (both managerial and production) and to view HACCP/RMP as a constraint on 
the flexibility of staff and production processes. 
Similarly, older plants seem to have problems with the flexibility of the production 
process once they have adopted HACCP/RMP. They also seem to have problems 
with staff motivation. However, none of these results can be generalised to the whole 
population.  
There is one significant result for PROD. It shows that in general plants with more 
products may have to modify their production process when adopting HACCP/RMP. 
We observe no significant results for SP and EXPT (except for one case but quite 
weak association). For participating plants, it seems non-exporting plants are more 
concerned with the listed problems, perhaps due to the lack of exporting incentives.  
Benefits 
We found a few significant results with benefits. In one case, a significant result 
between PROD and ‘Increased product shelf life’, results suggest that plants with 
more products seem to observe more the benefit of improving product shelf life as a 
result  of  HACCP/RMP.  Some  other  cases  have  significant  results  but  the 
associations  are weak.  For those participating,  Gamma values indicate  that small 
plants  tend  to  give  higher  ranks  for  the  internal  benefits  but  lower  for  external 
benefits. Similarly, older plants seem to observe more of the internal benefits than 
external benefits. Plants with more products ranked higher for all benefits, however 
plants with more QMS give lower rank in all cases. It suggests that those who are 
doing  well  at  food  safety  management  tend  to  rank  HACCP/RMP  benefits  less 
importantly. However, there is not enough evidence to generalise this result to the 
whole population. 
Costs 
Results for costs should be interpreted differently. The reason is that rankings for 
costs  are  done  according  to  the  weights  of  the  cost  items.  For  example,  if  a 
respondent ranks 1 for an item, it means the item has the biggest weight in the total 
HACCP/RMP cost. The higher the rank the less important the cost item. This is 
opposite  to  the  other  three  cases.  Therefore,  in  the  computation  of  Gamma  we 
excluded rank 0. A positive Gamma for Size, say, indicates that large plants rank 
higher for the cost items, which shows their lesser importance from their point of 
view.  
For  Implementation  costs,  among  participating  plants,  large  plants  tend  to  give 
higher ranks to Design, Register, and Training costs but smaller ranks to Equipment   11 
and Building. It shows that large plants seem to spend more on new investment due 
to HACCP/RMP. However, this result cannot be generalised.  
Older plants in general spent less in HACCP/RMP design and development and staff 
training. Both results are significant. 
Plants with more products tend to spend more on implementation costs. However, 
this  applies  to  the  participating  plants  and  cannot  be  generalised.  We  found  one 
significant result between QMS and training costs, which indicates that in general 
plants with more QMS may have to spend more on staff training. 
For Operating costs, among participating plants, large plants tend to spend more on 
sampling and testing. Older plants also tend to spend more on sampling and testing 
and repeated training. Plants with more products seem to spend more on operating 
costs as well.  
There is one significant result between QMS and record-keeping costs. It shows that 
in general plants with more QMS may have to spend more on this type of costs. 
There are some other strong associations. For example, plants with more activities 
and exporting tend to spend more on sampling and testing. However, this applies to 
the sample studied only and cannot be generalised to the population. 
Conclusion 
In  this  paper  we  have  presented  a  nonparametric  approach  to  the  analysis  of 
HACCP/RMP implementation process. Issues addressed include plant motivations in 
adopting these systems, implementation problems, and observations on benefits and 
costs. Based on the data gathered from our recent survey, the relationships between 
the rankings of these issues and plant characteristics are analysed. Results showed 
some  strong  correlations  which  can  be  generalised  to  the  whole  population.  For 
example, there is a significant relationship between the number of QMS and the 
motivations to adopt HACCP/RMP. It showed that pre-HACCP/RMP food safety 
practices do have influence on plant motivations in adopting these systems. It was 
also found that plants with more complicated production processes (more product 
types) may have problems with modifying their production process and thus may 
bear higher costs. Nevertheless, they may gain benefits in terms of improving the 
quality of their products. Plant size is not a significant influence with respect to the 
above-mentioned issues. This is interesting given small plants tend to claim that they 
are too small for HACCP/RMP.  
This analysis could be enhanced by incorporating more information concerning the  
HACCP/RMP implementation process. For example, a bigger sample size maybe 
able to  improve the association  measurement estimates.  As indicated in Cao and 
Scrimgeour (2004), the survey questionnaires were sent to the whole population of 
NZ meat plants (about 90 plants at that time). However, the response rate is about 
48%.  A  longitudinal  approach  to  HACCP/RMP  implementation  research  maybe 
useful as more information could be obtained once plants are more aware of the 
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